Using data on all corporate bond loans by one of the world's largest custodian banks, we study the main determinants of shorting costs as measured by rebate rate specialness. We find that 3.0% of corporate bonds are on loan, and 11% of loaned bonds have substantial shorting costs above 50 basis points. In the cross section, specialness is higher for bonds that are of worse credit rating, higher yield spread, smaller issues, less time to maturity, more illiquid, and bonds that appear expensive relative to the corresponding credit default swap. Bonds that are downgraded to speculative grade are more likely to be on special for several weeks before and after the downgrade, and have large shorting activity. Finally, equity specialness is positively related to the firm's bond specialness and the bond-CDS basis.
Introduction
When a trader wants to shortsell a bond, he must first borrow it and post cash collateral.
The bond lender pays interest on the cash collateral at a rate called the rebate rate, but if a bond is attractive to short, the rebate rate can be below the prevailing market interest rate.
The difference between the rebate rate and the market interest rate is called the (rebate rate) specialness, and this is the main measure of shorting costs or lending fees.
We study empirically the costs of shorting corporate bonds -or, equivalently, the benefits of lending corporate bonds -using data on all corporate bond loans by one of the world's largest custodian banks. We study the distribution of specialness, its cross-sectional determinants, the time-series evolution of specialness around downgrade events, and the relationship between corporate bond specialness, equity specialness, and the credit default swap (CDS) basis.
The lending market for corporate bonds has, to our knowledge, not yet been studied academically. It is clearly important, however, since shorting frictions affect the price efficiency of the bond market, which is an important source of financing for most firms. We use an extensive and unique data set to shed light on the costs of shorting corporate bonds. We find that short selling of bonds is surprisingly prevalent. Indeed, of the available US$501 Billion corporate bonds in our sample, 3.0% of the market value is on loan, that is, 3.0% of the bonds are presumably being shorted. This "on-loan-percentage" is an estimate of the total short interest of the corporate bond market -the true short interest is not known since corporate bonds are traded over the counter (OTC) . The number may be slightly overstated since our data provider's clients may be more likely to lend than the average bond owner.
As a check of this number, we find that the equity on-loan-percentage in our dataset is 4.4%, similar to the marketwide short interest numbers reported for equities.
The costs of shorting corporate bonds are significant. Over 11% of corporate bond loans (value weighted) have specialness above 50 basis points (bps), and 7.2% have specialness in the hundreds of basis points. In comparison to equities, corporate bonds are more likely to be special, but equities are more likely to be extremely special (e.g. more than 500 bps). This larger prevalence of corporate bond specialness is likely due to the fact that, for corporate bonds, both the lending market and the cash market (i.e. the market for buying and selling) are illiquid OTC markets, whereas equities have a more liquid exchange-based cash market. This conclusion is supported by our finding that the more illiquid bonds and bonds with smaller issue sizes tend to have higher specialness.
The shorting costs are economically significant. The total annual shorting costs paid for all loans in our sample is on average $58.1 million. Since our sample represents about a tenth of the market, the implied total annual shorting cost for the whole lending market is estimated to be approximately $600 million. Most of these costs accrue to a small and timevarying subset of bonds that experience an event leading some investors to take significant short positions, and, for these bonds, the shorting costs are substantial. For instance, a bond rated Baa1 that experiences a specialness of 100 bps has a per-day shorting cost roughly equal to the per-day yield-spread over the risk-free rate. Hence, for such special bonds, the shorting cost is of the same magnitude as the credit spread.
It is interesting to consider the cross-sectional determinants of specialness. We find that one of the main determinants is credit risk: a worse credit rating (or higher yield spread over the Treasury rate) is associated with larger shorting costs. This is expected since riskier bonds have more downside potential, which is attractive for shortsellers, and may be associated with greater differences of opinion or information asymmetry. Also, worse rated bonds appear to be more frequently shorted since they have higher average on-loanpercentage.
Another important driver of specialness is liquidity. Indeed, specialness is higher for bonds with smaller issue size, smaller issuer size (i.e. the value of all outstanding bonds issued by a firm), older bonds, and bonds with lower liquidity as measured by latent liquidity.
1 Corporate bonds are also slightly more special if they are callable and slightly less 1 Latent liquidity is defined as the weighted average turnover of the investors holding a bond, where the weights are their fractional holdings of the bond. For a detailed discussion, please see Mahanti, Nashikkar, Subrahmanyam, Chacko, and Mallik (2006) . We do not have data on the bid-ask spread of corporate bonds, and other liquidity measures often used for equities (such as market impact) are hard to estimate given the infrequent trading of corporate bonds. special if they have floating interest, perhaps because this implies lower price volatility. Interestingly, specialness is lower if a larger fraction of the bonds are in custody with our data provider. This is likely because our data provider is a large custodian with a large fraction of institutional clients that may be more likely to lend than the average bond owner, thus increasing lending supply, and because a large custodian is more connected, thus reducing search frictions.
In the time series, specialness is persistent in the short term but varies substantially in the longer term as a bond goes "on" and "off special," that is, as events happen that make the bond an especially interesting object of short selling. A potentially important event is a downgrade from investment grade to speculative grade, signifying potential credit risk and selling pressure from investors focused on investment grade bonds. In a sample of 396 corporate bonds that experience such a downgrade, we find that the median bond is not especially expensive to sell short, but the top 10% most special of the bonds have unusually large shorting costs several weeks before and after the downgrade. The increased shortselling before the downgrade could reflect that 1) some investors traded on private information that the bond was likely to be downgraded, 2) some investors traded on public informationnot fully reflected in the price -that the bond was likely to be downgraded, or 3) that some investors had an increased hedging reason to short in connection with the downgrade. The increased shortselling after the announcement is most consistent with 2) and 3).
It is interesting to consider the relationship between corporate-bond specialness and equity specialness for the same firm. If bonds are shorted to hedge long positions in the corresponding equity (e.g. in capital structure arbitrage), and equity is shorted to hedge a long position in a bond (e.g. convertible bond arbitrage), then bond and equity specialness could be negatively related, that is, one or the other would be expensive to short -but not both. Alternatively, bond and equity specialness could be positively related if all securities issued by a firm are perceived to be over-valued at the same time, that is, arbitrageurs short both stocks and bonds of such over-valued companies. We find evidence consistent with the latter view. Indeed, conditional on a firm's equity being special, its corporate bonds are more likely to be special, and vice versa. The cross sectional correlation of bond and equity specialness is around 0.3.
Finally, we relate the corporate-bond specialness to the CDS-bond basis, that is, the CDS spread minus the bond's yield spread over the risk-free rate.
2 Under certain conditions, the basis should be (close to) zero since the CDS is a derivative which is closely related to the bond. A non-zero basis could imply simply that these conditions fail to be satisfied, or alternatively that the bond and CDS are not priced consistently. In particular, a positive basis indicates that the bond yield is low, that is, the bond price is high. We find that shorting costs are positively related to bond-CDS basis, consistent with the view that a bond is "over-valued" when it is expensive to sell short. Said differently, owners of a bond on special earn a lending fee, and this additional income contributes to the bond's elevated price. Similarly, Blanco, Brennan, and Marsh (2003) find price informativeness to be greater in CDS markets than in corporate bond markets and suggest that shorting costs can help explain deviations of the basis from zero (but they do not have extensive data to test this),
and Longstaff, Mithal, and Neis (2005) link the basis to bond illiquidity. Our finding confirms that lending fees affects asset pricing, and, specifically, the theoretical implication of Duffie (1999) that specialness increases the CDS-bond basis.
Perhaps surprisingly, we find that a higher degree of equity specialness, controlling for bond specialness, also predicts a positive CDS-bond basis. One explanation for this would be that firms with high equity shorting costs have an over-valued capital structure, including both equity and corporate bonds (consistent with our other finding above), and that equity specialness is a more informative measure of an over-valued capital structure than bond specialness.
Our findings are consistent with the theories on short selling frictions, such as models with impossible shorting (Miller (1977) ), costly shorting (Duffie (1996) ), and especially shorting through a search-based lending market (Duffie, Gârleanu, and Pedersen (2002) , Vayanos and Weill (2005) ). The theoretical predictions concerning specialness include that (a) specialness 2 One can measure the risk-free rate as, e.g., the Treasury or swap rate. The choice does not affect our cross-sectional results since the risk-free rate affects all bonds in (almost) the same way.
is higher for securities with lower float, (b) specialness is higher for securities with larger differences of opinions, (c) zero lending fees when there are low search frictions, but possibly a non-monotonic relationship between search problems and specialness (Duffie, Gârleanu, and Pedersen (2002) ), and (d) higher specialness is associated with higher valuations and lower future returns (Duffie (1996) , Duffie, Gârleanu, and Pedersen (2002) , Vayanos and Weill (2005) ).
Our corporate bond findings complement the existing empirical research on Treasury and equity market short sales constraints. Consistent with the theoretical predictions, Treasury specialness is related to the expensiveness of the bonds (Jordan and Jordan (1997) , Krishnamurthy (2002) ), increases when there is more shorting demand (Graveline and McBrady (2006) ), is higher for smaller issues (Meli (2004) ), and new issues, and equity specialness is higher for initial public offerings (Geczy, Musto, and Reed (2002) ), DotCom stocks during 1999-2000 (Ofek and Richardson (2003) ), stocks with higher proxies for differences of opinion (D'Avolio (2002)), and predicts low subsequent stock returns (Jones and Lamont (2002) , Cohen, Diether, and Malloy (2007) ), and equity shortsale constraints affect price efficiency (Bris, Goetzmann, and Zhu (2007) , Diether, Lee, and Werner (2007b) , Saffi and Sigurdsson (2007) ).
In summary, our results generate new stylized facts on corporate bond shorting by documenting their economic magnitude, their determinants, and their relation to market efficiency as measured by the corporate-bond-CDS basis, and, finally, we find an interesting cross-market link between specialness of stocks and bonds.
The Institution for Shorting and Our Data
We use a proprietary dataset from one of the world's largest custodian banks, which provides custody for more than 20% of U.S. corporate bonds as well as securities in almost any other asset class. Our dataset includes the security identifier, rebate rate, and security value for To understand our data and the securities lending market, consider a lending transaction as illustrated in Figure 1 . A client of a custodian (e.g. a mutual fund or pension fund) lends his bonds to the custodian lending desk, who lends the bond to a sell-side broker (e.g.
Morgan Stanley), who in turn lends it to a buy-side client (e.g. a hedge fund). The buyside client borrows the bond in order to sell it short. Since naked shorting in the corporate bond market is prohibited, a shortseller must have a "locate" on the bond from his broker before he can short it. Cash collateral in excess of 100% of the market value of the security 3 is passed in the other direction to minimize counterparty credit risk in the event that the borrower fails to return the security. The cash collateral is often larger than the value of the borrowed security (usually 102%) to protect the lender of the security in case the market value of the security has increased by the time the borrower fails. The lending transaction can be done as a so-called "stock loan" or "repo" trade, with minor institutional differences.
A stock loan is typically rolled over every day with no predetermined return date, while repo trades typically have a return date. When the bond loan is terminated (e.g. the next day), the bond is returned to its owner and cash plus interest is returned to the bond borrower (in a stock loan, the interest is paid monthly). The interest paid on the cash is denoted the "rebate rate" on a stock loan and the "repo rate" on a repo transaction. We use the term "rebate rate" below since corporate bonds are typically lent as a stock loan (along with equities), although corporate bonds can also be lent as repo (along with government and agency bonds).
If there is a high demand to short a bond (because several borrowers expect the bond to decline in value or need it as a hedge), and finding lenders is difficult because of lack of supply or frictions, then the borrower has to accept a rebate rate that is lower than the general overnight interest rate for collateralized loans, which is called the "general-collateral rate" (GC rate). Such expensive-to-short securities are denoted to be "on special."
We estimate the GC rate for each day as the 90th percentile rebate rate for all bond loans on that day. (Intuitively, the GC rate would be the highest rebate rate, but we use the 90th percentile since it is more robust and, in any case, approximately the mode.) Our results are robust to this measure of the GS rate since, as we shall see, about half the loans have essentially the same rebate rate. Occasionally, there is such a high demand to borrow a bond that the rebate rate is zero or even negative -the latter is often quoted as a zero rebate rate and commission charged by the bond lender. In any case, the total percentage cost of borrowing is called the "specialness" and is therefore given by: specialness = GC rate − rebate rate + commission Since the custodian lending desk can invest the cash collateral at the GC rate (or a higher rate if they take credit risk), the lending desk makes a daily profit equal to the specialness times the cash amount divided by 360 days per year. This lending fee is divided between the beneficiary owner and the lending desk in negotiated proportions, typically between 67% and 75% to the owner and the rest to the lending desk. Hence, the specialness in our data is higher than a bond owner's benefit of lending and it is likely to be lower than the shorting cost for the final borrower.
In principle, the specialness should always be non-negative since the bond owner can always lend the bond and borrow cash at the GC rate. We do compute some slightly negative specialness observations in the database, which is because we do not know the GC rate at the exact time of the transaction, some loans are rolled over from the day before when the GC rate was different, and potentially because of minor data problems which do not affect our results.
We emphasize that both the cash market (for buying and selling bonds) and the lending market are OTC, meaning that there is no central exchange and all transactions are fixed in a bilateral negotiation. As a practical matter, many bonds in the system can be borrowed using an automated system in which the rebate is the GC rate, but bonds on special (or that could become special) have a "hot bond flag" which means that they can only be borrowed by contacting the lending desk over the phone.
The lending transaction itself is typically overnight. If it is longer term, it is typically "soft term" meaning that both parties have an intention but not an obligation to keep the transaction going. Hence, both sides can terminate the transaction or renegotiate its terms whenever they desire. In a small fraction of the loans, the lending agreement is longer term with penalties for early termination. Termination may occur either when the short seller desires to close his position and returns the borrowed bonds, or when the bond lender desires to sell his bond, needs it in connection with a corporate action, or feels that the shorting is hurting the value of his position. In our sample, we find that a bond stays lent for about 35 days on average, consistent with the intuition that a shortseller wants to keep the short on for a non-trivial period during which the price can decline.
When the transaction is terminated at the behest of the lender, the short seller must locate another bond that he can borrow, or, if he cannot find the bond, he must either buy it outright or fail to deliver. If the borrower fails to deliver and the bond owner sells the bond, then the bond owner may in turn fail to deliver to the broker that executes his sale and a chain reaction may be set off. If the bond is extremely difficult to locate, it can take months to resolve delivery failures and the bond continues to remain special 4 . Alternatively, the bond-lending desk may use the borrower's cash collateral to buy the bond from another source, if it can be located, in the event of a failure to deliver. This is called a "buy in."
In this event, the lending desk returns the remaining cash collateral to the bond borrower (or asks for additional cash in case the collateral was not sufficient). There do not appear to be any significant explicit monetary penalties on a failure to deliver a bond, apart from intangible costs like loss of reputation and trade processing and poor execution in connection with a buy in.
The Distribution of Specialness and On-Loan-Percentage
We first study the prevalence of corporate bond lending, Table 1 documents the total market value of assets under custody for our data provider, averaged across days, as well as the percent of securities that are being lend by the lending desk. As a reference, we also report the total market capitalization of the corporate bond market as reported by the Bond Market Association (www.bondmarkets.com). As can be seen from the table, the coverage of securities is large. More interestingly, the percent of securities on loan is an indicator of the amount of shorting in each market. The percent of market value of corporate bonds on loan is 3.0%. For equities, 4.4% of the market value is on loan (not reported in the table), which is similar to the average market-wide ratio of short interest to shares outstanding (see e.g. Lamont and Stein (2004) ). While the corporate bond on loan percentage is lower than that of equities, it is surprisingly large given how illiquid corporate bonds are and given the limited attention payed to short selling of corporate bonds in the academic literature.
Given this significant amount of shorting of corporate bonds, it is interesting to consider how expensive they are to short. The distribution of corporate-bond specialness is reported in Table 2 , and, for comparison, the distribution of equity specialness is reported in Table 3 .
We see that short sale costs are prevalent and significant. To understand the magnitude of these numbers, consider for example a corporate bond with a specialness of 100 bps. The cost of short selling $100 million of this bond for a year, is $1 million, that is, 100 bps or a full percent, comparable to the yield spread of Baa1 rated bonds in our sample. Said differently,
an owner of such a bond could earn as most from lending the bond as from bearing its credit risk. Of course, a particular lending transaction rarely happens over as long periods as a year, but this is just a way of understanding a cost measure which is inherently on a per-time basis just like bond yields are (and some traders do continuously lend or short sell certain securities). Another measure of the economic magnitude of the shorting cost is the total annual shorting cost, which is $58.1 million on average for all loans in our sample. Given that our sample represents about a tenth of the market, this corresponds to total annual lending fees of around $600 million.
The distribution of bond-and equity specialness are similar, but there are also noticeable differences. Most of the volume in both the corporate bond lending market and the equity lending market appears to be concentrated in transactions where the degree of specialness is relatively low. Both bonds and equities have about three quarters of the lending activity (by market value) with almost no shorting cost (i.e. the specialness between 0 to 25 basis points). This is natural since the shorting costs should be zero in a frictionless market as shown theoretically by Duffie, Gârleanu, and Pedersen (2002) . Hence, the existence of non-zero specialness is evidence that frictions matter in the corporate bond lending market.
About 4.5% of corporate bond loans are more special than 200 bps, while the corresponding number for equities in only 2.6%, so bonds are more likely to be severely special. Extreme specialness above 500 bps, however, is mostly seen in equities (though this is rare also for equities).
Cross-Sectional Determinants of Specialness
Given the prevalent specialness of corporate bonds, we want to study what determines whether a bond becomes difficult to short -or, attractive to lend -i.e. on special. We first look at relationships between specialness and bond characteristics, such as rating, credit spread, issue and issuer size and the liquidity of the bonds.
Credit Risk: Table 4 considers bond loans broken down by Moody's credit rating. For each rating category, the table shows the average credit spread, i.e., the bond yield minus the yield on a Treasury of the same maturity, and the distribution of specialness. We see that bonds with higher credit risk (worse rating and higher yield spread) have higher mean shorting costs, and a larger right tail. (Almost) all of the loans with specialness above 100 bps are risky bonds with rating Baa or worse.
Issue Size: Table 5 shows the specialness of bond loans when grouped into quintiles on the basis of the size of the issue. It can be seen that bonds with smaller issue sizes tend to have a higher degree of specialness. This is intuitive, because these bonds are likely to have a lower supply available for lending, and hence are likely to become special when there is a demand to short them.
Size of Issuer: Table 6 shows specialness of the bond loans grouped into quintiles based on the size of the issuer. It can be seen that bonds that have the highest degree of specialness are from the smallest issuers. This can be attributed to two different reasons. Bonds issued by smaller issuers are likely to be less liquid and hence have restricted supply in the lending market. Additionally, smaller issuers are also likely to have poorer ratings, increasing the risk of the bond and making it more likely that these bonds will be shorted in the first place.
Later we consider the marginal effect of size, controlling for other characteristics.
Age of the issue: Table 7 shows the cross-sectional relationship between a bond and its age since issuance. Older issues are more likely to have high specialness, which could be due to the fact that their effective available supply in the market is reduced as larger and larger proportions of an issue is "stacked away" by non-lending buy-and-hold investors.
Another potential explanation is that bonds are not issued when the company is in trouble or investors suspect bad news, and, therefore, the shorting demand is small around the time of issue. We note that age effect is different from the on-the-run/off-the-run effect in the U.S. Treasury repo market in which newly issued securities are likely to be special due to the large demand to short these securities.
Latent Liquidity: Table 8 shows the specialness of bond loans when grouped into quintiles on the basis of their latent liquidity. The latent liquidity of the bonds is simply the weighted average turnover of the funds holding the bonds where the weights are their fractional holdings in the bond. This measure of liquidity does not require transaction data in the individual bonds, and is thus suited for a highly illiquid market such as the corporate bond market. Additionally, this measure is related to transaction costs and price impact, as shown by Mahanti, Nashikkar, Subrahmanyam, Chacko, and Mallik (2006) . We find that illiquid bonds held by relatively low turnover funds (the fifth quintile) have higher levels of specialness than the other quintiles. This is likely due to higher shorting frictions when bonds are held by more passive investors.
Multivariate Effects: So far, we have considered the impact of several bond characteristics, one characteristic at a time (i.e. using univariate sorts). To evaluate the marginal effect of each of these variables on specialness while controlling for the other variables, we perform a multivariate regression analysis. In order to reduce noise and solve problems with missing data, we perform the analysis using monthly data (not daily). We consider as dependent variables the average monthly specialness, and the average of the fraction of bonds shorted for each bond in our sample, and as independent variables a host of bond characteristics also averaged monthly. We use the Moody's ratings of a bond and transform them to a numeric scale (Aaa-1 as coded 1, Aaa-2 is coded 2, and so on), with higher numbers representing poorer ratings. We use dummy variables for optionality and the presence of floating interest rates. We perform cross-sectional regressions where each bond-month constitutes an observation. In case of the regression on specialness, we left-censor our values at 0, since negative values of specialness do not make sense, and use the standard errors based on a censored regression model. The results of these regressions are shown in Table 10 . Columns 3 and 4
are the base-case specifications, and columns 1-3 control for, respectively, equity specialness, CDS basis, and CDS spread as discussed further in the sections below.
As expected, a worse rating is strongly related to higher degree of specialness, and (perhaps less obviously) a worse rating is also related to a larger fraction of securities being on loan. These effects are likely due to a higher shorting demand for riskier bonds. Further, a downgrade during the month leads to higher specialness and a larger on-loan percentage.
Interestingly, the estimated downgrade effect is significantly larger than the coefficient on the rating variable, which means that a downgrade event leads to increased short-term shorting and shorting costs, over and above the average effect of a worse rating. We examine downgrades further in Section 5. The effects of rating and coupon disappear when we include the CDS spread in the regression in column 3. This is natural since CDS spread is likely a better measure of credit risk. (We prefer to include the CDS spread to the bond credit spread since the latter is more contaminated by endogeneity stemming from feedback from the specialness to the bond spread.)
It is intuitive that higher credit risk leads to more specialness, since credit risk leads to more volatility and downside risk, both of which create potential for shorting profits and, thus, increase demand for borrowing. Another expression of this, is our finding that higher coupon rates are related to higher specialness since riskier bonds are typically issued with higher coupons. (We do not include the yield spread on the right hand side due to the potential reverse causality arising from the fact that specialness can effect yield spreads.)
Another interesting finding is that bonds of smaller issues are more special and have larger on-loan percentage. This is likely due to the higher illiquidity of such small issues. It is more
puzzling that specialness appears to increase with the total size of all debt issued by the issuer, in contrast to the univariate result presented earlier. This result may be due simply to multi-colinearity problems due to correlation between the size variables. Alternatively, it can perhaps be understood by rewriting the regression as follows: specialness = −3.3 log(Issue Size) + 1.9 log(Issuer Size) + ...
= −3.3 log Issue Size Issuer Size − 1.4 log(Issuer Size) + ...
= −1.4 log(Issue Size) − 1.9 log Issue Size Issuer Size + ...
The latter two equivalent representations of the regression show that size and "size relative to the total issuer size" are both negatively related to specialness as would be expected. (Of course, the other regression coefficients are unaffected by rewriting these variables.) This means that a small issue and an issue that is small relative to the total size of the issuer tend to have higher specialness. Naturally, we cannot regress on both the logarithms of Issue Size, Issuer Size, and the ratio of the two.
Another liquidity effect is that a larger fraction is the issue under custody by our data provider tends to be associated with a smaller specialness and larger fraction on loan. This is likely because our data provider is one of the largest custodians and therefore especially accessible. Hence, bonds held by this custodian are more easily found, leading to more supply and lower lending fees. Said differently, if fewer bonds are held by our large custodian, then bonds are more likely to be "spread out" and hard to locate. Another interpretation is that the custodian loses bargaining power if he needs to lend more, thus receiving lower fees.
(Recall that prices in an OTC market are privately negotiated and are not uniform across the market.)
The marginal effect of liquidity as measured by latent liquidity is not significantly related to specialness, which could be because liquidity is better captured by issue size and the fraction under custody. Better liquidity, as measured by latent liquidity, is significantly related to a larger fraction on loan, likely due to more lending supply. Similarly, older bonds are more likely to be held by buy-and-hold investors who participate little in the cash-and lending markets. This reduces the supply, explaining the lower fraction on loan.
The effects of optionality on specialness appear small. Variable interest such as step-up coupons are often designed to induce less price of the bonds since the coupons change to offset change in credit risk. Since a shortseller profits from price changes, it is natural that specialness is smaller for such bonds. Similarly, floating interest bonds are less sensitive to changes in the risk free rate, and perhaps for this reason they appear to have a lower fraction on loan.
As discussed further below, column 1 shows that corporate bond specialness is positively related to equity specialness, and column 2 shows that bond specialness is positively related to the CDS-bond basis.
Specialness around Ratings Downgrades
A ratings downgrade, especially one from investment grade to speculative grade, can be a significant event for a corporate bond. Hence, this is a natural event to study the amount of shorting activity and the cost of doing it, and the time-series dynamics of a shorting event.
The results from Section 4 show that, cross-sectionally, the credit risk of a bond is a major determinant of its specialness. Credit risk also varies in the time series as opposed to most of the other cross-sectional determinants that we investigate (issue and issuer size, coupon, optionality, etc.). While a direct time-series study of yield spread and specialness would be affected by the reverse causality that arises because specialness may be priced into the bond thus affecting the yield, fortunately our study of the time-series evolution of specialness around a downgrade does not suffer from this problem.
A ratings downgrade from investment to speculative grade signifies both an increased credit risk and a potential selling pressure from investors restricted to hold investment grade bonds, and makes it an interesting candidate for investigation. If ratings downgrades are entirely expected, prices of bonds are likely to adjust beforehand, and there is unlikely to be any significant benefit by shorting these bonds. On the other hand, if a ratings downgrade -or simply the timing of the downgrade -is unexpected by a significant fraction of the market, but possibly expected by a few agents, there is likely to be a fall in the prices of bonds after the ratings downgrade, making it beneficial for agents who short the market.
Our results are consistent with this latter view that downgrades to speculative grade are shorting-related events.
We identify 396 ratings downgrade events from investment to speculative grade over our sample in which we have lending data on the day of the downgrade. We define an investment grade bond to be any bond with a Moody's rating Baa-3 and higher, and a speculative grade bond to be a bond with a rating Ba-1 and lower. We next consider the daily specialness of these bonds in the period from 100 days before the downgrade to 100 days after. Figure 2 shows the distribution of specialness in event time. We see that mean, 90th, and 95th percentile specialness increase significantly starting around 20 trading days (i.e. a month) before the downgrade and lasting until approximately 20 days after the downgrade. Figure 3 shows the number of bonds with some non-zero lending activity. The sample is constructed such that all 396 bonds are being lent at the day of the downgrade. We see that the number of bonds being lent is significantly smaller shortly before and after the event. Figure 4 shows the evolution of the fraction of bonds on loan around the downgrade, among the bonds with non-zero lending. It indicates that short interest in bonds that are about to get downgraded is high, and falls after the downgrade. Since there are many large lending transactions, the number of bonds being lent evolves more smoothly than the fraction of bonds on loan and the specialness. One interpretation of this is as follows. Around 20 days before the downgrade, shortsellers start looking for opportunities to take significant short positions, and the number of bonds where shorting occurs slowly increases. When shorting happens, however, a large part of the lenders' available securities is transacted, and the specialness immediately reflects the profit opportunity related to the downgrade.
These increases in short selling and short selling costs before the downgrade and their subsequent declines indicate that certain investors successfully anticipate some of these events and act on this by short selling the bonds. The anticipation may be based on private information, superior research ability, or simply due to prices reacting slowly to public information (e.g. an early warning by the rating agency).
Equity and Corporate Bond Specialness
It is intriguing to consider the link between shorting of equities and corporate bonds. On the one hand, specialness of bonds and equities of the same company could be negatively related.
For instance, if a bond is shorted to hedge a long position in the corresponding equity (e.g.
in capital structure arbitrage) or an equity is shorted to hedge a long position in a bond (e.g. convertible bond arbitrage), this would give rise to an inverse correlations between the shorting demands on the bonds and the equities, leading to a negative correlations between their specialness.
On the other hand, specialness of bonds and equities of the same company could be positively related if investors find the whole capital structure of a company to be over-valued, that is,"bad companies" have "bad equity" and "bad bonds". This would be especially true if some agents are overly optimistic about the value of a firm's assets. Since bonds and equities are both claims on the firm's assets, this would lead to a simultaneous over-valuation in both the equities and the bonds, since short sales constraints operate in both the equity and the corporate bond markets. In such a case, arbitrageurs would try to take advantage of the over-valuation by attempting to short both the bonds and the equities of the firm. Demand to short both the bonds and the equities of a firm would lead to simultaneous specialness in both the equity and the bonds issued by the firm.
To compare the equity and bond specialness, we first compute the average specialness in each bond over the length of our sample period, and the average specialness in the equity of the issuer over the same sample period, restricting attention to firms where both the bond and the equity have been shorted. We first group our data according to the average equity specialness and, for each category of equity specialness, we compute the mean, 90th percentile and 95th percentile of the specialness in the bond. These are illustrated in Figure 5 . Second, we group our data according to the average bond specialness, and, as before, compute the distribution of equity specialness in each group as illustrated in Figure 6 .
It is clear from the two figures that there is a strong relationship between the specialness in the issuer's equity and the specialness in the bond. Bonds that are highly special tend to have equities that are also correspondingly highly special. Similarly, equities that are highly special tend to be from issuers whose bonds are also highly special. The correlation between the specialness of the bond and the equity for our over all sample is about 0.29, which in itself is surprisingly high. Further, Column 1 of Table 10 shows that bond and equity specialness remain positively related after controlling for a variety a characteristics including size and rating.
This evidence of a positive relation between bond and equity shorting costs suggest that investors sometimes perceive a firm's equity and corporate bonds to be simultaneously overvalued. Consistent with this, the next section shows that equity specialness is related to corporate bond expensiveness measured relative to credit default swaps (CDS).
Specialness and the CDS-Bond Basis
A theoretical implication from the literature on short sales constraints is that assets that are short sale constrained are likely to be expensive since the most pessimistic investors have a limited ability to express their view (Miller (1977) ) and lenders' benefit of earning a lending fee can further increase the price (Duffie (1996) , and Duffie, Gârleanu, and Pedersen (2002)). As a result, we expect corporate bonds on special to be expensive relative to a benchmark that captures their value absent lending fees and shorting frictions. CDS spreads constitute such a benchmark. Indeed, CDS contracts are derivatives and, therefore, they can be shorted without a securities-lending transaction. Further, CDS contracts are usually more liquid than the corresponding corporate bonds. While there are naturally links between the derivative CDS market and the cash bond market, implying that price pressure can spill over from one to the other, theory predicts that CDS spreads are less affected by corporate bond lending fees than the bond itself (Duffie (1999) ).
There are several ways of computing the CDS/bond basis, depending on the assumptions made about the true risk-free curve, and the specific model for the evolution of the termstructure of credit risk, see e.g. Blanco, Brennan, and Marsh (2003) and Longstaff, Mithal, and Neis (2005) . We use the simple approach of taking the difference between the 5 years CDS price and the yield spread of the corporate bond over the Treasury rate. 5 CDS spreads should in principle be equal to the coupon of a par bond minus the risk free rate. The CDS basis can rationally deviate from zero, however, because of mis-measurement of the risk free rate (e.g. one could either use Treasury rates, swap rates, or something else), because bonds are not traded at par value (e.g. a premium bond is only protected at par), and because a CDS may be linked to a different reference bond of the issuer than the one that we consider (or another bond may be cheaper to deliver). Nevertheless, the CDS-bond basis does capture potential expensiveness of the bond relative to the CDS, but it does so in a slightly noisy way due to these caveats. Table 9 shows the bond specialness for bonds grouped by their CDS-bond basis. We see that bonds with larger basis tend to have larger specialness. Column 2 of Table 10 finds a similar pattern after controlling for a variety of other effects. As noted above, this is natural. An investor who shorts a corporate bond and sells protection on the issuer in the credit default swap market is, to a large extent, hedged against the risk of default in 5 The reason for choosing the 5 year CDS contract is that for most issuers this is the most liquid contract, and for many issuers, the only one that is actively traded. We have data on one CDS contract per issuer. Hence, in case of default the protection buyer receives the difference between the notional amount and the price of a reference obligation (in case of cash settlement which is now typical). We compute the CDS-bond spread for any bond of an issuer, although this may entail an error if the reference obligation is different. the corporate bond. Such an investor earns the difference between the CDS yield and the bond's yield spread, reduced by the lending fee associated with shorting the bond. This trade is attractive if the bond is expensive relative to the CDS, that is, if the bond yield is low corresponding to a positive basis.
Section 6 above shows that there is a positive link between specialness a firm's equity and bonds. It is interesting to consider whether this equity-specialness link extends to the expensiveness of the corporate bonds relative to the CDS market. To consider this, we regress the CDS-bond basis on both the bond and equity specialness. As a comparison, we also consider the univariate regression where bond specialness is the only dependent variable.
We perform monthly cross-sectional regressions and report the results in Table 11 .
In order to perform the regressions, we first aggregate our data at the monthly level, by computing the average specialness in a bond in any given month. To find the CDS price for the issuer for any bond, we match the CUSIP of the bond with its Bloomberg ticker, from a mapping of Tickers to Bond CUSIPs made available by Bloomberg, as of December 2006. Owing to the relative recency of the data, we are confident that changes, if any, caused due to mergers/acquisitions, are minimal. We then take available price quotes on the CDS contract on the basis of the Bloomberg ticker. For every month between September 2005 and June 2006, we compute the average CDS spread for the month. Additionally, from transactions recorded by the custodian in specific bonds as part of their custodial business, we compute the yield spread of the bond over yield of an equivalent treasury. We then average these yield spread for any given month. The difference between the CDS price and the yield spread gives us the average basis for any bond for a given month. We see that in the univariate relationship between the CDS basis and bond specialness, there is a positive relationship between the two variables. Bonds that are special are also expensive relative to the CDS contract. This indicates that the profit achieved by using a strategy of shorting the bonds and selling protection on the issuer through the CDS market is at least partially be offset by the shorting cost of the bond.
In the bivariate regression, we see that the equity specialness also appears to be related to the basis, in fact, perhaps in more so than the bond specialness. The R-squared increases substantially when equity specialness is included. This strong relationship between equity specialness and the CDS-bond basis is, at least at first, surprising. There are several possible explanations.
One possible explanation would be that companies' stock and bonds get over-valued at the same time as some investors become buyers of the whole capital structure. This would lead to shorting of both stocks and bonds, and it is possible that the equity specialness would provide a clearer indication of this activity. The equity specialness could be more timely due to the larger transparency of the equity cash market and due to smaller search frictions in the lending market. Said differently, it is possible that the search frictions and trading costs of the bond cash and lending markets lead investors to shy away from shorting in this market. Investors may also be reluctant to short bonds due to the larger risk of a recall of the securities, e.g. because owners may need possession during a possible bankruptcy negotiation.
Another possible explanation would be that a perceived overvaluation of a firm's equity leads to shorting of the equity, combined with a hedging trade of "buying the firm" in the corporate bond. This could lead to an increase in the bond price, and, in turn, an increase in the basis. However, since the CDS is more liquid, such a hedge would likely take place in the CDS market, which would actually make the CDS expensive relative to the bond, inconsistent with the positive basis.
Conclusion
While the $5 Trillion U.S. corporate bond market is large in size and a significant source of financing for firms, the OTC market structure of its cash and lending markets have limited the transparancy and, as a result, the academic research. Using a unique dataset consisting of corporate bond lending transactions arranged by one of the world's largest custodians, we shed light on the drivers of shorting activity, shorting costs, and the economic implications.
We find that 3% of the corporate bonds in our sample are on loan, implying that corporate bond lending and shorting is almost as prevalent as equity shorting. Corporate bond lending fees are substantial and tend to be largest for risky low-rated bonds -especially around the time of downgrade -small issues, old bonds, and bonds where a smaller fraction is under custody by the largest custodian (i.e., likely harder to locate).
Interestingly, we find that a company's equity specialness is positively related to the specialness of the same company's corporate bonds. This may indicate that shortselling investors view the company's entire capital structure as overvalued, in particular, both stock and bonds are viewed as overvalued at the same time.
Finally, we present evidence that corporate bonds that have high shorting costs are likely to be overpriced relative to the CDS contract on the issuer. Said differently, bonds with a higher specialness have a more positive bond-CDS basis. Surprisingly, equity specialness is also significantly related to corporate bond over-valuation relative to the CDS, even after controlling for corporate bond specialness.
In conclusion, our results provide stylized facts on short-sale frictions, confirm several theoretical predictions of shorting models, and produces new insight into the interactions between stock, bond, and CDS markets. Our findings give rise to additional theoretical and empirical work that further explains these links. June-2006 . In order to focus on the cross-sectional distribution, we first compute the fractional distribution of specialness for every stock in our sample for every day in the period covered by our data-set and the average amount lent for each stock. We then compute the average distribution of specialness for the period of the sample, by taking the averages of the daily distributions. These proportions are reported in the last two columns. June-2006 . In order to focus on the cross-sectional distribution, we first compute the fractional distribution of specialness for every stock in our sample for the period covered by our data-set and the average amount lent for each stock. We then compute the average distribution of specialness for the period of the sample, by taking the averages of the daily distribution. These proportions are reported in the last two columns. istics and, respectively, the specialness of the bond and the fraction of the issue shorted. The data consists of all repurchase transactions conducted by a major custodian aggregated at the monthly level, from September, 1st, 2005 to June 30th, 2006 . The regressions are in the form of random-effects regressions with each observation defining for a bond-month. Standard errors are adjusted for clustering by bond. Specialness here is defined as the difference between the 10th percentile rebate rate on any day and the contracted rebate rate for the repurchase transaction. Age and Time to maturity are expressed in years and are computed as averages over the month. The rating is the rating at the beginning of the month. The downgrade dummy variable takes a value of 1 if there was a rating downgrade during the month, and 0 otherwise. , the relationship between the average CDS basis for the month with the average specialness in the bond for that month, and the average specialness in the equity of the issuer for that month. The data consists of bonds for which repurchase transactions were conducted by a major custodian from September 2005 to June 2006, for names on whom at least one CDS mid-price is available for any given month. The CDS data here is taken from Bloomberg. The dependent variable is the CDS basis, defined as the difference between the CDS spread and the option adjusted spread of the underlying bond over treasury rates. A higher basis indicates that the bonds are more expensive relative to the CDS contract. Specialness is the difference between the 10th percentile rebate rate on any day and the contracted rebate rate for the repurchase transaction. The first set is a set of univariate regressions of the CDS basis on the specialness in the bond. The second set of regressions includes bothe the specialness in the bond and the specialness in the equity of the issuer of the bond. Bond specialness Figure 5 : Bond Specialness given Equity Specialness. This figure shows the relationship between specialness in the bond and specialness in the equity of its issuer. We compute the average specialness in every bond and the corresponding equity over each month of the sample. We then group bond loans by the equity specialness, compute the distribution of bond specialness in each group, and finally take the time series mean of the distribution. Equity specialness Figure 6 : Equity Specialness given Bond Specialness. This figure shows the relationship between the specialness in the equity of an issuer and the specialness in its bond. We compute the average specialness in every bond and the corresponding equity over each month of the sample. We then group equity loans by the bond specialness, compute the distribution of equity specialness in each group, and finally take the time series mean of the distribution. The data consists of all repurchase transactions arranged by a major custodian between September 2005 and June 2006.
